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Abstract -- Autism spectrum disorder has become one of the 
most prevalent developmental disorders and one of the main 
impairments is difficulty with communication.  One method of 
augmentative and alternative communication is the use of the 
Picture Exchange Communication System (PECS) to create 
messages using a series of images printed on cards and organized 
in binders.  We are developing a digital alternative based on an 
image library that is displayed on a personal digital assistant 
(PDA).  We conducted an initial user acceptance study that 
compared the effectiveness and usability of both systems.  The 
study showed that the PDA system was able to communicate 
messages to adult recipients as effectively as PECS.  However, the 
PDA was perceived to be more current, of higher quality, easier, 




Autism spectrum disorder is a serious developmental 
disorder that afflicts more than 500,000 children in the United 
States; it is more common than childhood cancer or Down’s 
syndrome [1].  One of the primary impairments is difficulty 
with communication.  Between one-third to one-half of people 
diagnosed with autism do not have functional verbal 
communication skills [2].  Research is being done in 
neuroscience, psychiatry, medicine, psychology, and many 
additional fields to determine causes and, eventually, a plan 
for prevention.  The thousands of children who struggle with 
communication need immediate help.  Frustration runs high 
for the children and those who want to understand. 
We are working on a new digital, image-based messaging 
system that uses personal digital assistants (PDAs) as the 
medium for creating and viewing messages.  Our research has 
been driven by the desire to enhance the success of a physical 
image library with the benefits afforded from the dynamic 
nature of a digital library.  Digital products developed to date 
have focused on high-functioning learners [3], and can require 
extensive training and customization.  Lower functioning 
learners who struggle to form two word sentences require a 
simple, intuitive interface without eliminating the benefits 






A. Communication with Images 
   Every day we are bombarded by image-based 
communication.  Red traffic lights, road signs, and the skull 
and crossbones on household cleaners all communicate 
without the aid of words.   Effectively communicating with 
images requires that involved parties agree upon the meaning 
of the pictures chosen.  Agreement can be achieved through 
learning, as is the case with traffic lights, or through the use of 
images that unambiguously depict the underlying concept. 
Ware [4] describes “sensory symbols” as those images whose 
meaning is self-evident and does not require learning to 
recognize.  This type of image leads to successful image-based 
communication, since no training is required.  This is 
especially important when working with autistic children, who 
cannot endure lengthy training sessions in image/concept 
mapping. 
A successful image-based system currently used to 
augment the communication of autistics is the Picture 
Exchange Communication System (PECS) [5].  Introduced by 
Bondy and Frost [6], the system has achieved success for 
researchers, caregivers, and autistic children.  PECS uses a 
binder-like tool in conjunction with structured training to help 
non-verbal autistic children communicate with their parents 
and caregivers.  PECS incorporates small cards that have word 
and image pairs.   
A typical PECS tool, henceforth referred to as the PECS 
binder, consists of a three-ring binder that has several strips of 
Velcro that run perpendicular to the rings on both the front 
and the inside back cover (Figure 1A).  Laminated image and 
word pairs are fastened to these strips with Velcro.  When 
users become more proficient, several pages with images 
attached using Velcro are added to the binder.  The images are 
grouped in a user specific manner.  For example, the images 
needed most often can be grouped on the first page or the 
images of the most preferred items (e.g. chocolate, French 
fries, toys) can also be combined. 
The binder’s front cover is roughly three inches shorter 




Figure 1 – Images of PECS-style binder (A: binder, B: sentence strip). 
 
separate rectangular strip of plastic made out of the same 
material as the binder’s cover.  Both the strip and the inside 
back cover are affixed with Velcro.  This strip is referred to as 
the ‘sentence strip’ because the autistic child places images 
onto this strip, then hands it to the message recipient for 
interpretation (Figure 1B).  Through the creation of image 
sequences, the user can generate expressive messages.   
PECS has proven successful with clinicians, parents, and 
autistic children.  The majority of the evidence supporting its 
success has been anecdotal, though a few favorable case 
studies have been published [7, 8].  In the first comprehensive 
quantitative study conducted with PECS, Charlop-Christy et 
al. [9] found that using the PECS system increased 
communication and reduced negative behaviors in autistic 
children.  Their study used a multiple-baseline design and 
demonstrated increases in verbal speech as well as a reduction 
in problem behaviors. 
The evolution of image-based communication to PDA 
based software would continue to augment communication 
while providing additional benefits not available with the 
PECS system.  The autistic children may not have cards with 
images of their favorite items available (e.g. picture of parent, 
unique toy).  To add a custom image, a parent must have 
access to both a camera and a lamination machine.  With 
PECS, the image cards can get lost as the Velcro that affixes 
them to the binder wears out and the cards can fall out of the 
binder and become lost.  The large size of the  
PECS binder causes teachers with multiple autistic students to 
find the storage and maintenance of multiple PECS binders 
overwhelming. 
The artifact addresses these problems through both its 
physical and logical design.  Physically, the PDA’s small size 
makes it convenient for both children and caregivers.  
Logically, the child’s digital image library is uploaded and 
stored on the Internet portal’s server.  Even if the entire PDA 
was lost, the child’s image library could be quickly restored to 
a new PDA.  Our digital approach means that a parent does 
not need a laminating machine or printer to add a new image 
to their child’s PDA.  With the PDA application, the images 
are stored both within the device and on the Internet portal, 
providing a level of redundancy that protects the digital 
library’s integrity against loss or theft of the PDA itself.   
   
B. User Interface Design for Handheld Devices 
Over the past few years, the processing power and display 
quality of handheld devices has increased while prices have 
decreased.  This makes it possible to provide progressively 
sophisticated software on handhelds.  However, because the 
screen size is smaller, the user interface needs to be optimally 
designed.  Luchini et al. [10] applied traditional user interface 
(UI) design theory to PDAs, specifically recommending 
streamlining and automating.  Streamlining is the process of 
displaying only crucial information onscreen at a specified 
time.  Automating involves reducing the amount of 
information that needs to be entered, and decreasing the 
number of required commands.   
Our PDA application’s UI is highly customizable so that 
caregivers can control how many images and folders appear.  
This gives each individual user substantial control over the 
interface’s complexity.  A child new to the device might have 
a single folder with only two images, while a more advanced 
user might have five folders with four images in each.  The UI 
can be updated as the child requires additional images. 
Karkkainen and Laarni [11] point out that a UI should be 
designed around the task it is intended to perform, not how 
traditional computer applications are supposed to look.  The 
development of our PDA application’s UI centers on image-
based communication, with the images and the 
communication strip being the central focus (Figure 2). 
The principles of UI design are especially important given 
the characteristics of autistic children.  Non-verbal autistic 
children may not be able to read or write.  We needed to 
ensure that the user interface is usable by those who cannot 
read.  Sensory images, whose meaning is self-evident, were 
used to assist the children in easily navigating the interface 
and choose a representative image. 
To the best of our knowledge, we are not aware of any 
PDA studies with autistic children in the published literature.  
We believe the children will be capable of and enjoy using 
this digital alternative to communication.  There is substantial 
 
 
Figure 2 – Digital library application's user interface 
(A: Image library as seen by child, B: Two images selected, C: Displaying message to parent) 
 
research documenting the successful use of software with 
autistic children.  Bernard-Opitz et al. [12] found computer-
based simulations could be used to teach autistic children 
problem-solving strategies.  Hetzroni and Tannous [13] used 
computer software to reduce echolalia, the repetition of 
recently heard speech patterns, in autistic children.   
 
III. IMAGE-BASED COMMUNICATION SOFTWARE FOR HANDHELD 
DEVICES 
 
Our image-based communication has two components: the 
PDA application and an Internet portal (Figure 3).  The PDA 
operates as a stand-alone communication device, but can be 
updated and maintained through our Internet portal. 
The PDA application is used by the autistic child to create 
and display messages.  Our software on the PDA uses tab-
based folders to display groups of images.  The digital library 
user interface is divided up into three horizontal parts: tab-
based folder list, digital library of images, and sentence strip 
(Figure 2A).  The tab menu allows user to switch between 
different picture groups (e.g. the food group consisting of 
images of French fries, chocolate, apples, etc.).  When the 
child touches an image, it moves to the sentence strip (Figure 
2B). For example, if the child wants to know where the 
restroom is, s/he can select “Where is” and “bathroom” as 
different images to be displayed in the sentence strip.  If s/he 
makes a mistake, s/he can touch the image on the sentence 
strip to move it from the sentence strip back to its original 
place within the folder.  Once the images conveying the 
child’s needs are conveyed on the sentence strip, s/he clicks 
the PDA’s physical button.  This action displays the message 
for interpretation, which clears the screen and displays the 
sentence “The user is trying to communicate:” above the 
images used in the message.  The images are centered on the 
screen.  It also disables the touch screen, preventing the 
message from being altered when the child hands the device to 
the message recipient (e.g. parent) for interpretation.  Figure 
2C displays the interface that the parent would see.  Once the 
message has been communicated, the touch screen and folder 
based software can be re-enabled by pressing the center button  
 
 
Figure 3 – Architecture of administering the PDA application through our Internet portal. 
 
 
Figure 4 – Screenshots of the Internet portal for managing the digital library. 
(A: Displaying the user’s available images; B: Viewing usage of specific images; 
C: Customizing the PDA’s UI by moving images between folders.) 
 
of the PDA. The Internet portal (Figure 4), accessible via 
web browser, can be used to work with all images within 
the library or images that pertain to a specific user.  A 
parent or caregiver logs into the website to maintain the 
specific digital library related to their child.  The portal 
allows the parent to view their currently available images 
(Figure 4A).  Portal users can also view the number of times 
that their PDA has used a particular image (Figure 4B).  
Based on the usage report, parents can customize the images 
available, quickly adding new images (e.g. a new friend) or 
removing images that have fallen into disuse (Figure 4C).  If 
the child is not using the toilet image to express the concept 
“bathroom”, the parent can remove it from the library and 
add another image that is more representative of the 
bathroom to the child (e.g. sink, bathtub).  If the child is 
overwhelmed by the number of images that appear, some 
may be relocated to another folder or removed from the 
device altogether.   
The digital library PDA application, which was written 
with the Visual Basic.NET Compact Framework, uses SQL 
Server Compact Edition to store the folders and their 
images, and runs on Windows CE.  The PDA application is 
updated and managed using the digital library Internet 
portal.  The Internet portal was designed using Visual 
Basic.NET and ASP.NET, and stores its information in a 
SQL Server database. 
 
IV. RESEARCH QUESTIONS 
 
Our goals with the PDA application are two-fold: to 
make software that conveys image-based messages clearly 
to the general public regardless of first language, age, or 
gender, and to create a user interface that autistic children 
can use.   
Figure 5 illustrates how the PDA application will be 
evaluated: 
• Medium: compared with the existing PECS (paper-
based) system  
• Situation: if messages are easily understood in 
different situations (e.g. at home, at school, at a 
restaurant with strangers) 
We must first demonstrate the effectiveness of the 
software for Receivers before testing and training with 
autistic children (Senders) can begin.  Since PECS has 
proven successful, our system meeting or surpassing its 
standard of quality would merit both recognition and further 




Figure 5 – Dimensions to be evaluated: Situation, Sender/Receiver, and 
Medium. 
 
The current study compares the comprehension and user 
acceptance of the PDA to its paper counterpart (PECS) in 
messages to strangers (shaded section of Figure 5).  If the 
PDA is ineffective in communicating simple messages, its 
interface can be redesigned before expending any effort in 
attempting to convey more complex messages.  Feedback 
from the user study can be incorporated into the next 
iterative development cycle.  We have begun testing the 
PDA based software with autistic children, so it is 
imperative that we temper our desire to improve the 
software with the need to maintain consistency for our 
users.  Sudden changes would lead to frustration and 
possibly abandonment of the system, so we will ensure that 
the pace of the development accommodates our users’ 
needs. 
 
V. EVALUATION OF DIGITAL LIBRARY PDA APPLICATION 
 
A. User Study 
i. Study Design.  We used a between-subjects comparison of 
PECS and the new PDA application.  We recruited subjects 
who were at least 18 years old, able to speak and read 
English (to complete the survey, not to interpret the 
message), and not legally blind.  The subjects were 
approached in various normal social settings (e.g. at a public 
park, in an office building lobby).  We conducted the study 
in this manner to ensure that a broader range of languages, 
ages, and educational levels were included. We also wanted 
to study our device in its intended (non-laboratory) setting.  
No compensation was offered, and participation was purely 
voluntary.  Once recruited to participate, it was briefly 
explained to the subject that they would need to interpret a 
message made out of images. 
We used 4 different, realistic tasks: asking for directions 
to the bathroom, asking for directions to a telephone, 
wanting soda, or wanting coffee.  The tasks were generated 
through discussion with a public school teacher who had 8 
years of experience in working with autistic children 
between the ages of 12 and 17.  For each task, we used two 
images: the first displayed the sentence starter (e.g. “I 
want”); the second displayed the noun (e.g. “soda”).  All 
tasks were used with both the PDA and PECS binder, and 
were randomly assigned to subjects. 
ii. Comprehension of Message.  Comprehension was 
evaluated by measuring the length of time it took the subject 
to discern the message and how accurate their interpretation 
was.  The message interpretation was rated on the 
summative scale outlined by Frokjaer et al. [14] with 1 
being Very Low, and 5 being Very High.  The time taken 
was evaluated in five separate time sections, with 5 
representing the fastest time and 1 representing not 
interpreted within the three minutes allotted. 
iii. Usability.  Usability was evaluated with a questionnaire 
that includes with a brief demographic section inquiring 
about the subject’s age, gender, and education level.  To 
ensure that subjects did not have uncorrected vision 
impairments a question asked if they needed glasses or 
contact lenses to read, and if so, were they wearing them.  
The usability portion of the questionnaire consisted of four 
section.  Three of the sections were based on the ISO 9241 
[15] standard and measured efficiency, effectiveness, and 
satisfaction of the interface; the actual items are in Table 2.  
Each of these was comprised of 7-point Likert scale items 
with 1 being ‘Strongly Agree’ and 7 being ‘Strongly 
Disagree’.  The fourth section consisted of a semantic 
differential scale, a type of scale used in usability studies for 
over 20 years [16, 17].  Semantic differential scales are 
those that place two adjectives, typically opposites, on 
either side of a scale; the actual pairs are in Table 2.  An 
example from our questionnaire is “Low Quality” and 
“High Quality”, where the values 1, 2, and 3 represent 
levels of relatively low quality, 4 represents neutral, and 5, 
6, and 7 represent levels of relatively high quality.  In 
addition to the quantitative data, we also asked participants 
for their comments about the system after each question and 
at the end of the survey. 
 
B.  Results 
i. Overview.  Forty-four subjects were recruited in total.  
Data from three participants’ were excluded from 
calculation due to incompleteness or misunderstanding the 
scale being used.  One participant wrote contradictory 
answers.  He wrote “Yes” under the item ‘The pictures were 
easy to see’, but chose ‘Strongly Disagree’ on the scale. His 
intent could not be determined and his survey was 
discarded.  The final dataset had 20 PDA application 
surveys and 21 PECS-style surveys. 
The majority of our subjects were female, spoke English 
as a first language, and were between the ages of 24 and 44 
(Table 1).  More native English speakers evaluated the 
PECS system than did the PDA system.  The highest 
educational level of the PECS subjects was higher than 
those who used the PDA. 
ii. Comprehension of Message.  Comprehension was 
evaluated through the level of message interpretation and 
the time taken to interpret the message.  Both systems were 
equally effective for communicating the messages; there 
was no significant difference between the two for either 
time or comprehension level.  For the PDA and the PECS 
binder, subjects expressed that the message created by the 
system was easy to understand.  It is worth noting that the 
longest amount of time taken to interpret any of the 
messages was less than 2 minutes. 
In praising PECS and the PDA, subjects commented that 
the words below the pictures greatly assisted them in 
understanding the message; one said “Without the words 
below the picture, it would have taken me longer to 
understand ‘where is’”.  Two participants expressed 
enthusiasm about our idea of using images to communicate, 
and that it would greatly assist autistic children.  One said 
“Yes, it will help [autistic children] to communicate and not 
be so shy…This is a great project you guys have in mind.” 
iii. Usability.  We performed t-tests to compare the PDA 
and PECS-style systems (Table 2).  Both the PDA and 
PECS were considered equally efficient in terms the 
pictures being easy to see, the amount of time it took to 
understand the message, carrying of the system, and the unit 
being self-contained.  The images used with the PECS-
based system were considered to be of a more appropriate 
size than the PDA version (p < .05).  In terms of 
effectiveness, the PDA and PECS were considered 
equivalent for understanding what each picture represented 
and understanding the message as a whole. 
Table 1 – Demographic overview of study subjects. 
N = 41 PECS PDA 
Female 17 15 
Gender 
Male 4 5 
Mean Age  34.9 30.9 
English 17 13 
Spanish 2 5 First Language 
Other 2 2 
High School 0 5 
Some College 8 7 
Completed College 7 5 
Highest Level of Education 
Completed Graduate Degree 6 3 
 
Table 2 – Means and standard deviations for each question of the questionnaire  
(t-test, * indicates p < 0.1, **  p < 0.05, and *** p < 0.005) 
N = 41 PECS PDA 
Lower score indicates stronger agreement Mean Std Dev Mean Std Dev 
EFFICIENCY     
The pictures were easy to see 1.2 0.44 1.7 1.42 
The pictures were an appropriate size 1.5** 0.70 2.5** 1.91 
It took too long to understand the message 5.8 2.00 6.6 1.19 
The system would be easy to carry and transport 2.0 1.41 1.6 1.39 
The system is self-contained 1.9 1.14 1.6 1.40 
EFFECTIVENESS     
It was easy to understand what each picture represented 1.4 0.80 1.5 0.83 
It was easy to understand the message from the combined pictures 1.3 0.72 1.4 0.82 
SATISFACTION     
I liked the system 1.7 0.96 1.3 0.82 
I was comfortable using the system 1.4 0.70 1.3 0.67 
I would be likely, in the future, to assist someone using the system 1.6 1.14 1.6 0.94 
The system is an appropriate means of communication 1.6 0.80 1.4 0.68 
I would recommend this system to someone who had difficulty communicating verbally 1.4 0.81 1.4 0.70 
The person creating the message looks normal while using the system 1.5* 0.70 1.2* 0.52 
The person creating the message looks normal while carrying/transporting the system 1.6** 1.00 1.1** 0.31 
I felt intimidated by this type of communication 5.7 2.12 5.6 2.50 
OPPOSITES – Lower score more related to left hand item     
Low Quality / High Quality 5.7** 1.38 6.5** 0.84 
Cryptic / Understandable 6.5 0.93 6.4 1.12 
Complicated / Simple 6.6 0.67 6.3 1.53 
Outdated / Current 6.1*** 0.90 6.8*** 0.41 
Dull / Stimulating 5.8 1.30 6.3 1.33 
Difficult / Easy 6.6* 0.80 6.9* 0.31 
Frustrating / Satisfying 6.2 1.00 6.6 0.68 
Terrible / Wonderful 6.0* 1.20 6.5* 0.76 
   
 The PDA outperformed PECS in two areas of 
satisfaction.  People thought that carrying the PDA looked 
more normal than the PECS binder (p < .05).  We also 
found a strong trend that creating the message with a PDA 
looked more normal than with the PECS binder (p < .1).  
The PDA and PECS were similarly likable, comfortable 
to use, and considered appropriate for communication.  
Subjects were equally likely to assist people using either 
system and to recommend the system to those who had 
difficulty with verbal communication.  Users were not 
particularly intimidated by either system. 
   In the semantic differential scale items the PDA 
application was considered to be of higher quality (p < 
.05) and substantially more current/less outdated (p < 
.005) than the PECS system.  There were strong trends 
that the PECS system seemed more difficult than the PDA 
application (p < .1) and that the PDA system was more 
wonderful than PECS (p < .1).  Both PECS and the PDA 
were comparable in understandability, simplicity, 
stimulation, and satisfaction.   
 
 
VI. CONCLUSIONS AND DISCUSSION 
 
Throughout the design process, focus remained on 
solving the problems encountered by autistic children and 
those who care for them.  The existing physical system 
was a conceptual starting point, but then focus shifted 
towards exploiting the benefits afforded by a digital 
system (e.g. dynamic image population, size of PDA). 
Both the Pocket PC and the PECS binder were 
effective to convey messages to strangers.  The time taken 
and the quality of interpretation were equivalent for both 
systems.  However, the PDA is a more acceptable 
alternative to the PECS system for communicating 
messages.  User acceptance was higher with the PDA than 
PECS in that creating a message looks more normal on 
the PDA.  The PDA was also seen as more current, higher 
in quality, less difficult, and more wonderful than the 
PECS binder.  It is important to note that the PECS binder 
used for this experiment was brand new, so prior use did 
not contribute to a perception of it being used and thus 
lower quality or outdated. 
However, there are lessons to be learned.  The images 
on the PDA were perceived as too small by the study 
participants, even though all were able to interpret the 
message presented.  It is possible that glare on the screen 
of the PDA contributed to their perceived frustration with 
the size of the images.  Our PDA application includes a 
landscape feature that rotates the interface 90 degrees.  A 
design consideration for the future would be incorporating 
scaling for images so that they resized larger to take 
advantage of this additional space.  This orientation 
would not be foreign to children, who are already familiar 
with such orientation from handheld game systems like 
Nintendo’s GameBoy Advance and Sony’s PlayStation 
Portable (PSP). 
The next step is to incorporate the feedback from this 
study into the next iteration of the software’s design.  The 
primary change will be that when a message is 
communicated, the images will automatically resize to fill 
the display.  For two image messages like those used by 
our target early learners, this would increase the size of 
the images by up to 100%.  This will address the users’ 
perception that images displayed on the PDA were too 
small.  The next design prototype will then have its 
comprehension and acceptability tested along to the 
additional dimensions specified in  
Figure 5.  At the same time, the Internet portal site will be 
enhanced further. Usability testing with autistic children 
will continue, with feedback from the children and their 
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